growth trajectories. Because of the increased demand for iron during periods of rapid growth, iron deficiency may slow growth in children; 14 although, the results are mixed for the dozens of randomized controlled trials that have assessed the effects of iron supplementation on child height. 13 Household food insecurity has been shown to substantially retard growth in young children from Pakistan, Tanzania, Brazil, South Africa, Peru, Bangladesh, Nepal and India. 15, 16 In another study of children aged 24 months and less in Bangladesh, food insecurity was strongly associated with lower length for age scores. 17 There was a distinct gradient from extremely to never food-insecure groups, in which the smallest children came from the extremely food-insecure households. 17 Here, we assess the relation of food insecurity to iron status and stature in school-age children from Nunavik.
METHODS

Study population
Participants were Inuit children from Nunavik, a region located north of the 55 th parallel in Quebec and about 1500 km from Montreal. Children were recruited before birth when their mothers participated in one of two cohort studies: the Cord Blood Monitoring Program (1993) (1994) (1995) (1996) (1997) (1998) or the Environmental Contaminants and Infant Development Study (1996) (1997) (1998) (1999) (2000) . Both of these studies collected biological samples of contaminants and nutrients from umbilical cord blood samples (30 mL). Recruitment details for these studies have been provided elsewhere. [18] [19] [20] The current study, called the Nunavik Child Development Study (NCDS), is a 10-year follow-up of school-age children from the previous two cohorts. Eligibility criteria for the NCDS included: between 8 and 15 years of age, birth weight of ≥2.5 kg, gestational duration of ≥35 weeks, and no major birth defects or neurological or pervasive health disorders. Two hundred and ninety-four children participated in the study.
Study procedures
Between September 2005 and February 2010, the mothers of the children completed a detailed socio-demographic questionnaire. Each child provided a 20 mL blood sample for biological analyses. Blood samples were frozen in Nunavik at -80°C, transported by plane to the Centre de toxicologie du Québec, and sent on dry ice to other laboratories when necessary. In addition, our trained research nurses measured the child's height and weight. The research nurses conducted assessments in the three largest Nunavik villages. Participants who resided in other communities were transported by plane to one of the larger villages for data collection. Written informed consent was obtained from each participating mother, and oral consent was obtained from the child. This project was approved by the Laval University and Wayne State University ethics committees.
Assessment of food insecurity
Our exposure measure was moderate to severe food insecurity in the month preceding data collection. Moderate to severe food insecurity refers to a reduction in the quantity of food in a household due to lack of money. In contrast, marginal food insecurity, which we did not measure, encompasses anxieties about running out of food and/or limited food selection because of insufficient money. 4 Four questions from the USDA (United States Department of Agriculture) Household Food Security Survey Module 21 were included in the socio-demographic, interviewer-administered questionnaire. These questions, adapted to the Nunavik context, were: 1) Could you please describe the amount eaten by your family (enough/not enough)? 2) How many days in the previous month did your family not have food or money to buy food (0, ≥1)? 3) Do adults in your family have to cut down on the size of meals because there is not enough money (yes/no)? 4) Do children in your family have to cut down on the size of meals because there is not enough money (yes/no)? Questions one and two were highly collinear (κ = 0.82, p=0.04); none of the respondents who reported that they had enough to eat also stated that they went one or more days without food. Twenty-three participants (20%) reported that they did not have enough to eat but never went one or more days without food in the preceding month. Given the very high agreement for the responses to these questions, we excluded question two from subsequent analyses. Children whose mothers responded affirmatively to any of the three remaining food security questions were categorized as food insecure.
Assessment of nutritional deficiencies and short stature
Our outcome measures were: iron depletion, anaemia, irondeficiency anaemia, and height (cm were analyzed by the laboratory of the Centre hospitalier de l'Université Laval (CHUL). Haemoglobin concentrations were determined by spectrophotometry using a Sysmex XT-2000i Automated Hematology Analyzer, whereas ferritin levels were quantified with a Modular Analytics E170 immunoassay analyzer (Roche Diagnostics). A child was categorized as iron depleted when serum ferritin was <15 μg/L 22 and anaemic when haemoglobin level was below 120 g/L. 23 A child was considered to have iron-deficiency anaemia when haemoglobin was below 120 and serum ferritin was less than 15 or when haemoglobin was less than 120 and the transferrin saturation coefficient was less than 0.14. 24 For height, we used both the continuous measure and the WHO growth charts for Canada. 25 Based on the Canadian growth charts, a child was considered small of stature when his/her height was in the lowest growth tertile, based on age and sex.
Covariates assessment
We considered the following covariables: current age, sex, and normal/overweight/obesity status. Children were categorized as normal, overweight or obese according to their BMI, age and sex, using the International Obesity Task Force cut-off values. 26 We also considered cord blood lead and child plasma PCB 153 concentrations, as they were related to child growth in the same sample (unpublished data) and blood lead concentration may interfere with iron synthesis. 27 Total lead concentrations in children's blood samples were determined by inductively coupled plasma mass spectrometry (ICP-MS) using a PerkinElmer Sciex Elan 6000 and PE DRC II instrument. PCB congener 153 was measured in purified cord extracts using gas chromatography/mass spectrometry. Detection limits in cord samples were 0.2 μg/L for lead, and 0.02 μg/L for PCB 153. Upstream variables including household income, education and crowding were not considered because food insecurity is a consequence of these conditions and inclusion of these variables in statistical models would lead to over-adjustment. Finally, we did not adjust for inflammation (C-reactive protein ≥10.0 mg/L), which can affect the interpretation of serum ferritin levels, 28 because only 15 children (6.1%) had inflammation and there was no evidence that the distribution of these children differed by food security status.
Statistical analyses
Bivariate associations of food insecurity with nutritional deficiencies and stature were tested with the chi-square statistic or Student's t-test. Logistic regression models were used to estimate odds ratio (OR) and 95% confidence intervals (CIs) of nutritional deficiencies (iron depletion, anaemia, iron-deficiency anaemia) and short stature in relation to food insecurity. Height (cm) was also examined using a general linear model. Multivariate Model 1 included food insecurity, age and sex. Model 2 was further adjusted for BMI status (normal/overweight/obesity). Because children were categorized as short for stature based on their age, we ran Model 2 with and without age for this outcome; results were identical for both models. Finally, we adjusted for exposure to environmental contaminants (Model 3). Cord blood lead and current blood PCB 153 concentrations were log transformed to reduce skewness. Because iron deficiency is associated with impaired growth, 29 our sensitivity analyses for height further adjusted for iron deficiency and anaemia. Statistical analyses were performed in SPSS version 21 (IBM Corp., Armonk, NY).
RESULTS
Participants ranged between 8.5 and 14.3 years of age. Age did not differ by sex. Half of the children lived in a household categorized as food insecure, and about one in five lived in households in which the caregiver reported not enough to eat and that both adults and children had cut their portion sizes (Table 1) . Information on food security was missing for two children.
One third of participants had iron depletion, 12.6% were anaemic and 8.7% had iron deficiency anaemia ( Table 2 ). The prevalence of iron depletion and anaemia was not statistically different between boys and girls. However, boys were significantly more likely to have iron-deficiency anaemia compared to girls (12.4% versus 4.9%, p=0.04). The mean height of the population was 141.4 cm (SD=7.4, range=118.9-167.8 cm). According to WHO growth charts for Canada, 19% of the children were in the lowest tertile for height. There were no significant differences in the mean heights of boys and girls. However, girls were significantly more likely to be short for their age (24% versus 13%, p=0.02) compared to boys.
Food security status was not related to child age, sex or BMI status (Table 2 ). Compared to food-secure children, food-insecure children were significantly shorter and had higher cord blood lead levels, whereas current blood PCB 153 concentrations were unrelated to food security status. Food-insecure children had significantly lower haemoglobin levels, but the other haematological measures did not differ by food security status. Table 3 .
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Association In the adjusted models, food insecurity was not associated with iron depletion or iron-deficiency anaemia (Table 3) . In Model 1, food insecurity was marginally associated with anaemia and short stature. For both of these outcomes, there was a reduction in the strength of the association once contaminants were adjusted statistically (Model 3). In the fully-adjusted multivariate analysis of the continuous height measure, food-insecure children were on average about 2 cm (β= -1.82; 95% CI: -0.48 to -3.15) shorter than children who were food secure (Table 4) . Iron depletion (β=1.06; p=0. 19 ) and anaemia (β=-0.96; p=0.39) were not independently associated with height and did not alter the coefficient for food security, or other variables in the model.
DISCUSSION
This is the first study to look at the effects of food insecurity on school-aged Inuit children and the only study of this population to examine the association between food insecurity and stature. Nearly half of the children in this study lived in households that were moderately to severely food insecure; that is, caregivers reported not having enough to eat and/or reducing meal portion sizes. Eighty percent of the households reporting not enough to eat went 1 day/month or more without food, and 27% of caregivers reported that they had cut the size of their children's meals because there was not enough money for food. By comparison, data from a recent representative study of Canadian households reported that less than 1% of caregivers cut children's portion sizes. 4 This study suggests that food insecurity has implications for Inuit children's health and development. Children from foodinsecure households in Nunavik were marginally more likely to be anaemic and had significantly lower mean haemoglobin levels. In the adjusted models, food insecurity was not statistically significantly associated with iron depletion or irondeficiency anaemia, although the coefficient for iron-deficiency anaemia was similar to that of anaemia in Model 1. The small number of cases of iron-deficiency anaemia (n=25) may have prevented us from observing a statistically significant association. When we adjusted for environmental contaminants (Model 3), the odds ratio for the relation of food insecurity to anaemia was notably reduced (from 1.98 to 1.75). Exposure to environmental contaminants in this population is largely attributable to the consumption of traditional, or "country foods", which are also important sources of iron and other nutrients. 3 Those with greater contaminant levels may have an overall more nutritious diet and thus, less nutritional deficiencies.
While not all iron-related nutritional deficiencies were significantly associated with food insecurity, they were nonetheless notably more prevalent in food-insecure children compared to food-secure children. Food insecurity may be a proxy or a consequence of other determinants -such as, household income, crowding and social support -that influence a child's overall health and nutritional status. Even in the absence of a causal association between food insecurity and nutritional deficiencies, determining a child's food security status may assist health care providers in targeting and monitoring those children most vulnerable to poor health outcomes.
Iron depletion was highly prevalent (33%) in this sample of primary school-aged Inuit children. This estimate is similar to the prevalence of iron depletion documented in a 2004 survey of women from Nunavik (30%). 30 In a study of 32 low-and middleincome countries, the mother's anaemia status was one of the most important predictors of anaemia in her children, surpassing socio-economic predictors in many countries. 31 It is likely that a similar relation exists for iron depletion in Inuit children. Anaemia (13%) was much less prevalent than iron depletion; nonetheless, most anaemia (25/37 or 68%) in this population is iron-deficiency anaemia. For the 12 children not recognized as having iron-deficiency anaemia, infection and other nutritional deficiencies may be responsible for the low haemoglobin measures. The prevalence of anaemia and iron-deficiency anaemia observed in this study was similar to that reported in a study of Inuit children aged 3-5 years in Nunavut. 12 In contrast, the prevalence of iron depletion in our sample was nearly double that of the preschoolers from Nunavut. This may reflect geographic and dietary difference between the regions and/or increased time since breastfeeding.
Food-insecure children were significantly shorter in stature, by an average of 2 cm, than their food-secure counterparts. For children of this age group, this is close to half a year's growth. 25 Adjusting for current iron-related nutritional deficiencies did not alter the significant association between food insecurity and stature. The observed association between food insecurity and linear growth suggests that the diet quality and quantity of children from food-insecure households has been compromised for a long time. Unfortunately, food security was not measured at birth in this cohort, and this study is limited by the assumption that current food insecurity provides a proxy for past insecurity. Clearly, because of limitations inherent in any cross-sectional study, no causal relation can be ascertained. Nevertheless, there is reason for concern that food-insecure Inuit children are not consuming enough protein, calcium and/or zinc. 3, 29 Zinc, in particular, has been associated with linear growth in children and may be a worthwhile avenue of future investigation in this population. 13 One limitation of this study was that we did not use the full USDA food security survey module. 21 Two other surveys, also β estimates with negative values represent the mean number of cm smaller a food-insecure child would be after adjustment for the covariables in the multivariate models. ‡ Adjusted for age in years and sex. § Further adjusted for BMI status (normal, overweight or obese). || Further adjusted for cord blood lead concentration (μg/L, continuous log transformed) and PCB 153 measured at 10-year follow-up (μg/kg, continuous log transformed). ¶ Further adjusted for iron depletion (y/n) and anaemia (y/n).
conducted in predominantly Inuit-inhabited regions of Canada, that used the full USDA module arrived at very similar prevalence estimates of food insecurity. 1, 32 In Nunavut, Nanatsiavut, and the Inuvialuit settlement, 51.3% of households with children were estimated to be food insecure. 1 In Kangiqsujuaq, Nunavik, 43% of women surveyed were considered food insecure. 32 Further, the directions of association between food security, nutritional deficiencies, and growth suggest content validity. Finally, because the participants were Inuit children, the generalizability of the observed associations may be limited to similar populations.
CONCLUSION
Food insecurity is a considerable public health problem among Inuit in Nunavik, Canada. Health care providers in the region should be aware that there is a significant association between food insecurity and shorter stature and that the burden of ironrelated nutritional deficiencies appears to be greater among foodinsecure children. The results of this study raise concerns about the long-term implications of food insecurity for children in Nunavik and highlight the need for health care providers to carefully monitor children suspected to be food insecure. 
MÉTHODE :
Nous avons évalué l'insécurité alimentaire, la carence en fer et la taille dans une cohorte d'enfants. L'insécurité alimentaire a été déterminée en interviewant les mères des enfants. Par régression logistique multiple, nous avons évalué l'association entre l'insécurité alimentaire et la carence en fer et la petite taille. Nous avons défini la petite taille comme étant la taille dans le tertile inférieur pour l'âge et le sexe, selon les fiches de croissance canadiennes. Le rapport entre l'insécurité alimentaire et la taille (en centimètres) a été analysé selon un modèle linéaire général. Des modèles statistiques ont permis de rajuster les données selon l'âge, le sexe, le poids normal/le surpoids/l'obésité, l'exposition prénatale au plomb et l'exposition postnatale aux biphényles polychlorés.
RÉSULTATS :
La moitié des enfants (49,7 %, n=145) étaient confrontés à l'insécurité alimentaire, le tiers des enfants étaient carencés en fer, 12,6 % faisaient de l'anémie, et 8,7 % présentaient une anémie ferriprive. Le CANADIAN JOURNAL OF PUBLIC HEALTH • JULY/AUGUST 2014 e237 rapport de cotes multivarié de l'anémie était de 1,82 (IC de 95 % : 0,97, 3,42, p=0,06) chez les enfants confrontés à l'insécurité alimentaire. La prévalence de la petite taille était de 18,7 %. Les enfants touchés par l'insécurité alimentaire mesuraient en moyenne 2 cm de moins (IC de 95 % : -0,48, -3,17) que les enfants épargnés par l'insécurité alimentaire (p<0,01).
CONCLUSION :
Dans cette population, les enfants confrontés à l'insécurité alimentaire avaient un plus lourd fardeau de carences alimentaires et une croissance linéaire plus lente. Étant donné la forte prévalence de l'insécurité alimentaire chez les enfants inuits du Nunavik, les carences alimentaires et leurs effets indésirables sur le développement devraient être suivis attentivement.
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